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(54) Title: AN ARTEFACT SUITABLE FOR USE AS A BONE IMPLANT 
(57) Abstract 



An artefact (10) suitable for use as a 
bone implant by implantation thereof into a 
subject at a body site where bone growth is 
required, comprises a porous body (12) of 
bioactive material, and a support structure (14) 
supporting the porous body (12) and acting as 
a mechanical reinforcement for the bioactive 
body (12). The support structure (14) is of a 
material which is less porous than the body 
(12). 
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AH ABTKPACT fiPTraBLg POK PSE AS * BCffS TV*W* 



THIS INVENTION relates to an artefact suitable Cor use as 
a hone implant by implantation thereof into a subject at a 
body site where bone growth is required. It relates also 
to a method of making such an artefact. 

5 According to a fir?t aspect of the inventinN, there ifl 
provided an artefact suitable for use as a bone implant by 
implantation thereof into a subject at a body site where 
bone growth is required, the artefact comprising a porous 
body of bioactive material , and a support structure 
10 supporting the porous body and acting as a mechanical 
reinforcement for the bioactive body, with the support 
structure being of a material which is less porous than the 
body. 

The porous bioactive body or biomaterial thus, in use, 
15 permits bone growth into its porous spaces, thereby to 
secure ita incorporation into and osteointegration with the 
surrounding viable bone at the margins of a bone defect at 
the site where the artefact is implanted i The bioactive 
body may thus be os t eoccmductive , ie permitting bone growth 
20 into its porous spaces when it is in direct contact with 
viable bone, and/ or osteoinductive, ie permitti ng bone 
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growth into its porous spaces independently of the presence 
of viable bone in contact with the artefact. 



The poree should, for good osteoinductive or 
osteoconduetive capability, comprise from 40 to 80% of the 
5 total volume of the bioactive body. At least some of the 
pores must be connected to the outer or external surface of 
the body, Thus, between 40 and 100* of the pores may be 
connected to the external body surface . This connection 
may be direct, eg by way of an aperture, channel, pathway 

10 ox the like, from a pore to the surface, and/or even a pore 
integrated with the surface, eg being in the form of an 
indentation or concavity in the surface. Instead/ or 
additionally, the connection of the poxes to the external 
surface may be indirect, eg by a particular pore being 

15 connected to another pore which is connected directly to 
the external surface as described, or connected to a series 
or sequence of connected pores , at least one of which is 
directly connected to the surface, as described - 



The pores may be of substantially spherical shape, and may 
20 have diameters or cross -sectional dimensions in the range 
200-3000 micron. 



The bioactive material of the body may be sintered 
bioactive ceramic or glass material . In particular, it may 
be a calcium phosphate-based ceramic material such as 
25 hydroxyl-apatite or tricalcium phosphate. 

T3ie support structure may comprise at least two 
interconnected support components or parts. The components 
r parts may at least partially surround or enclose the 
body and/or may be at least partially embedded in the body. 
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Por example, the body nay be of more or less cyl in d r ical or 
disc farm, with the support structure comprising a pair of 
rings abutting the respective ends of the body and a 
plurality of circumf er enfcially spaced connecting members 
connecting the rings and extending alongside or through the 
body, with the rings and connecting members thus 
constituting interconnected support components of the v 
support structure. 

The support structure is, as stated, less porous than the 
body. Thus, vhen pores are present in the material of the 
support structure, the proportion of pores will be less 
than the proportion of pores in the body. Typically, when 
the body has a porosity of 40-80% as hereinbefore 
described, the pores in the support structure will comprise 
20* or less of the total volume of the support structure - 
The support structure may even be of solid material, ie 
contain substantially no pores - 

The material of the support structure way also be 
bioaetiva, and may then be the same as that of the body, eg 
it may be hydroxy lapatite . instead, however, the material 
of the support structure may be resorbable, such as 
tricalcivui phosphate; it may be bioinert such as alumina r 
or it may be pliable such as high density polyethylene. 



According to a second aspect of the invention, there is 
provided a method of making an artefact suitable for use as 
a bone implant by implantation thereof into a subject at a 
body sice where bone growth is required, vhich method 
comprises 

compressing a precursor mixture comprising a bioactive 
material in particulate form and heat -decomposable 
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particles of a beat -decomposable substance, to form a green 
body, with the green body baring spaces or recesses for a 
support structur ; 

filling the spaces or recesses with a support 
5 structure material in particulate form, to form a 
non- consolidated green body/ 

compressing the non-consolidated green body to form a 
consolidated green body,- 

heatxng the consolidated green body, to permit 
10 controlled decomposition of the heat- decomposable particles 
and to sinter the body and the support structure, thereby 
to form a unitary artefact comprising a porous bioactive 
body and a less parous support structure supporting the 
porous bioact ive body and acting as a mechani cal 
15 reinforcement for the porous bioactive body. 

As hereinbefore described, both the bioactive material and 
the support structure material may be hydroxylapatite, and 
the material may initially be in powder form. 

■Rie heat decomposable particles may be stearic acid 
20 spheres, typically having a diameter between £00 and 1000 
micron, with pores slightly smaller than this subsequently 
being formed in the body. The mass ratio of powdered 
hydroxy lapatite to stearic acid spheres will be selected to 
give a desired porosity to the body, and typically is about 
25 2s3 by mass, to give a body porosity of about 55% to 70%, 
typically about 65%*-. 

The initial compressing may be affected by uniaxially 
pressing the precursor mixture into the form of a solid 
cylinder or disc having circumferential recesses in its 
30 ends and circumferentially spaced recesses in its side, or 
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passageways through it, interconnecting the circumferential 
recesses . This pressing may be effected at low pressure eg 
at about 5 MPa. 

Thft subsequent compressing of the non- consolidated green 
5 body may also be in the form o£ uniaxial pressing, which 
may be at a higher pressure eg at about 50 MPa. 

"Kfce heating or firing may initially be effected at a first 
predetermined rate, eg at about 25 fl C/haux, up to a first 
predetermined temperature, eg about 100 *c, to permit 

10 controlled melting and decomposition of the stearic acid 
spheres; thereafter at a second predetermined rate, eg 
about 50°C/hour, up to a second predetermined temperature, 
eg to. about 400°C,- and then at a third predetermined rate, 
eg about i00*C/hour, up to a third predetermined 

15 temperature, eg about 12£0°C, with this temperature being 
maintained for a predetermined soak time, eg about 4 hours, 
to sinter the body and the support structure- The artefact 
is then allowed to cool to room teuperature, while keeping 
it in the furnace. Has cooling is typically effected for 

20 about 8 hours. 

The i nven tion will now be described, by way of example, 
with reference to the accompanying drawing which shows a 
threes dimensional view of an artefact for use as a bone 
implant by implantation thereof into a subject at a body 
25 site where bone growth is required, according to the 
invention* 



In the drawing, reference numeral 10 generally indicates 
the artefact- 
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The artefact 10 includes a solid cylindrical or disc like 
porous hydroxylapatite body 12. and a less porous support 
structure 14 also of bydjcoxylapatite supporting the body 
12. 



The bod/ 12 thus comprises circular planar ends 16, 18 and 
a cylindrical outer surface 20 between the ends 16 r 18 * * 
Circumferential recesses 22 are provided in the ends 16, 
IS, with circumfereatially spaced grooves or recesses 24 
provided in the surface 20 and connecting the recesses 22 . 



The body 12 typically has a porosity of 40-80%, based on 
the total volume of the body, vith the sise of the pores , 
which are substantially spherical, being in the range 
600-1000 microns, 40-100% of the pore* are connected to 
the internal surfaces of the body 12, either directly or 
indirectly as hereinbefore described. 

The support structure 14 comprises rings 26 of 
hydbcoaeylapafcite located in the recesses 22 and integrally 
bonded or fused vith the body 12 by sintering. The support 
structure 14 also comprises support members in the form of 
pillars or pins 28 extending along the recesses or 
passageways 24 and connecting the rings 26. The pillars or 
pins 28 are also integrally sintered with the body 12 and 
the rings 26. 

Ibe support structure 14 is of substantially solid 
hydroxylapatite, ie contains substantially no pores. 

The artefact 10 can be formed by initially preparing a 
precursor mixture. The precursor mixture comprises 
hydroxylapatite powder mixed vith 600-1000 micron diameters 
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stearic acid spheres in a mass ratio of 2*3. A cylindrical 
or disc- like compact is uniaxially pressed at a low 
pressure of 5 M&a from the precursor mixture, using a die 
and pistons (not shown) with Inserts (also not shown) in 
5 such a way that the recesses 22 and passageways 24 are 
formed therein. The pistons and inserts are removed from 
the die, and the recesses and passageways filled with* 
hydroxy lap at ite powder. The resultant non-consolidated 
green body or assembly is then uniaxial ly pressed at a 

10 higher pressure of 50 MPa, to form a well consolidated 
green body. The green body is fired in a furnace at an 
initial heating rate of 5Q'C/hour up to SOO'C to allow 
controlled melting and decomposition of the stearic acid 
spheres, thereby forming the voids in the body- 

IS Thereafter, the artefact is further heated at a heating 
rate of 100*C/hour up to 1250 °C, and maintained at this 
temperature for a soak time of 4 hours, to sinter the body 
and the support structure 14, and to fuse them together, 
the resultant artefact thus has its support structure 14 

20 intimately bound to the body 12- 



Xn the artefact 10, the support structure 14 thus provides 
a mechanical reinforcement for the body 13 , thereby 
rendering it suitable for load bearing applications. More 
specifically, the support structure 14 inpaxts strength to 
25 the artefact 10, while the porous body 12, in use, 
encourages bone generation and bone growth, either by 
osteoconductivity or osteoinductivity. 



Generally, in bone substitutes or bone implants of 
hydroxy lapat ite or the like, a high degree of porosity, ie 
30 a high percentages of pores in the porous body, as well as 
a large number of pores, ie pores of as small a size as is 
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f eatiibl bo as t have a large number of small poxes rather 
than a small number of large porep, are desirabl for good 
bone growth* However, as the number of pores and the 
porosity Increases, the strength of the implant decreases, 
so that biomaterial comprising only porous hydroxylapatite , 
normally cannot be used In load hearing applications . in 
contrast, with the artefact 10, which incorporates the- 
support structure 14 having either no pores or a lower 
porosity and a small number of pores , the required strength 
for load bearing application is achieved. 



In the artefact 10, the spacing between the pores in the 
body 12 can also be maintained at as small a distance as id 
practically feasible, eg the. pares can coalesce into each 
other rather f* ia n having them interconnected by relatively 
small channels or passageways which also inhibits bone 
ingrowth - 



The Applicant thus believes that the artefact in accordance 
with the invention will give good results when used as a 
bone substitute in load bearing applications due to 

its open fully connected approximately spherical pores 

of 200-3000 micron diameter 

its high volume fraction of such open porosity, which 

will permit significant bone ingrowth 

the reinforcement provided by the support structure 14 

which provides adequate mechanical property 

the absence of foreign intrusions or second phase 

materials which could inhibit bone ingrowth; however, 

i£ desired, the support structure can be of a second 

phase or different material 

is manufactured of hydroxylapatite which has intrinsic 
osteoinductive capability. 
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Additional advantaged which the artefact of the present 

provides over known bone implants includes 

it is possible to concentrate the solid support 
structure in specific regions of the artefact, while 
retaining a large volume fraction of suitable porosity 
in the remainder or the artefact, ie in the body 12 
the solid ceramic support structure 14 can. as 
described, have the same chemical composition as the 
.porous bioactive ceramic body or structure 12 , thereby 
minimi ning the possibility of unwanted interreactions 
between the support structure 14 and the body 12 
if desired, however, the solid ceramic support 
structure 14 can have a different chemical composition 
to that of the porous bioactive ceramic body 12 eg it 
can have a closely related nut resorbable composition, 
to allow gradual resorption of the solid support 
during bane ingrowth in the porous body 12; the solid 
support' structure 14 thus provides mechanical support 
end need not necessarily possess bioactive properties 
the extent of support and directional properties of 
the support structure 14 can be readily modified or 
optimised for particular applications 
during manufacture, it is possible to extend the solid 
support structure by protrusions such as pins or 
caps which can be useful in locating or fixing the 
position of the implant relative to that of the 
natural bone or tissue at the defect 
it is possible to employ minimal mechanical 
reinforcement* far example to prevent edge chipping or 
fracture which occur due to bending of porous 
ceramics, in con-load bearing applications- 
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CLAIMS, 

1* An artefact: suitable for use a* a bone implant by 

implantation thereof into a subject at a body site where 
hone growth is required, the artefact comprising a porous 
5 body of bioactlva material, and a support Structure 
supporting the porous body and acting as a mechanical 
reinforcement for the bioactive body, with the support 
structure being of a material which, is less porous than the 
body. 

10 2. An artefact according to Claim 1, wherein the 

porous body is osteocoaduccive and osteoinductive- 

3. An artefact according to Claim 1 or Claim 2, 

wherein, the pores of the body comprise from 40% to 80% of 
the total volume of the body* 

15 4. An artefact according to any one of Claims 1 to 

3 inclusive, wherein from 40% to 100% of the pores of the 
body are connected to the outer or external surface of the 
body. 

5. An artefact according to Claim 4, wherein the 

20 connection of the pores of the body to the external surface 
of the body is directly by way of apertures, channels or 
pathways from the pores to the body surface and/or by way 
Of poree integrated with the external body surface by being 
in the form of indentations or concavities in the external 
25 body surface . 
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6- An artefact according to claim 4, wherein the 

connection of the pores of the body to the external surface 
of the body is indirectly by means o£ pores connect d to 
ther pores which are connected directly to the external 
5 surface of the body and/or by means of pores connected to 
a aeries or sequence of connected pores , at least one of 
which is directly connected to the external surface. 

7. An artefact according to any one of Claims l to 

6 inclusive, wherein the pores are of substantially 
10 spherical shape, and have diameters in the range 200-3000 

microns • 

8. An artefact according to any one of Claims 1 to 

7 inclusive, wherein the bioactive material of the body is 
bydrooeylapatite or tricalcium phosphate. 

15 9. An artefact according to any one of riaims 1 to 

B inclusive, wherein the support structure comprises at 
least, two interconnected support components or parts which 
at least partially surround or enclose the body and/ or are 
at least partially embedded in the body. 

20 10. An artefact according to Claim 9, wherein the 

body is of more or less cylindrical or disc form, with the 
support structure comprising a pair of rings abutting the 
respective ends of the body and a plurality of 
circumferentially spaced connecting members connecting the 

25 rings and extending alongside or through the body, with the 
rings and connecting members thus constituting 
interconnected support components of the support structure * 
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11* An artefact aec rding to any one of Claims l t 

10 inclusive, wherein pore* are present in the material of 
the support structure, with th proportion of the pores in 
the material of the support structure being less than the 
5 proportion of the pores in the body. 

12. An artefact according- to any one of rlaiins 1 to 

10 inclusive, wherein the material of the support structure 
is solid and thus contains substantially no pores- 



13- A method o£ making an artefact suitable for use 

10 as a bone implant by implantation thereof into a subject at 
a body site where bone growth is required, which method 
comprises 

compressing a precursor mixture comprising a bioactive 
material in particulate farm and heat- decomposable 
15 particles of a heat - decomposable substance, to form a green 
body, with the green body having spaces or recesses for a 
support structure; 

filling the spaces or recesses with a support 

structure material in particulate form, to form a 

20 nan- consolidated green body,- 

comp res sing the non- consolidated green body to form a 
consolidated green body; 

heating the consolidated green body r to permit 
controlled decomposition of the heat- decomposable particles 
25 and to sinter the body and the support structure, thereby 
to form a unitary artefact comprising a porous bioactive 
body and a less porous support structure supporting the 
porous bioactive body and acting as a mechanical 
reinforcement for the porous bioactive body. 
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14. A method according to Claim 13, wherein both the 

bioactive material and the support structure material are 
hydroasylapatite, which is initially in powder form. 

15- A method according to Claim 14, wherein the heat 

5 decomposable particles are stearic add spheres, having a 
diameter between 500 and 1000 microns, with porae slightly 
smaller than this subsequently being formed in the body. 

16. A method according to Claim 15, wherein the mass 
ratio of powdered hydrcncylapatite to stearic acid spheres 

10 is about 3?3 by mass, to give a body porosity of about 55% 
tO 70%. 

17. A method according to Claim 15 or Claim IS, 
whereon the initial compressing is effected by uniaxially 
pressing the precursor mixture into the form of a solid 

15 cylinder or disc having circumferential recesses in its 
ends and circumferentially spaced recesses in its side 
and/or passageways through it and interconnecting the 
circumferential recesses, with the pressing being effected 
at a low pressure of shone 5 MPa. 

20 IS. A method according- to Claim 17, wherein the 

subsequent compressing of the non- consolidated green body 
is also in the form of uniaxial pressing, which is at a 
higher pressure of about 50 MPa, 

19. A method according to any one of Claims 15 to 18 

25 inclusive, wherein che heating or firing of the green body 
is initially effected at a first rate, up to a first 
temperature, to permit controlled melting ?nd decomposition 
of the stearic aold spheres,- thereafter at a second rate. 



WO 98/38948 PCT/EP98/01218 

14 

up to a second temperature; and then at a third rate, up to 
a third temperature, with the third temperature being 
maintained for a e ak time, to effect the sintering of the 
body and the support structure, whereafter the artefact id 
5 allowed to coal ta room temperature » 

20. A novel artefact, substantially as described and 
illustrated herein. 

21. A novel method of making an artefact, 
substantially as described and illustrated herein. 
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